Sorghum panicles offer a very rich microenvironment for many insect pest species and their natural enemies. Thirty arthropod species belonging to 28 families, pertaining to 9 orders were obtained from sorghum panicles planted in Sohag Governorate, Egypt, during the 3 successive seasons of 2016-2018. Out of these species were 14 pests, 16 predators, and 3 parasitoids. Lepidopteran and hemipteran pests were the most dominant species-infested sorghumpanicles during the mature stages of the panicles. Three microlepidopteran pests, the noctuid, Eublemma (Autoba) gayneri (Roth.); the pyralid, Cryptoblabes gnidiella Millière, and the cosmopterigid, Pyroderces simplex Walsingham, were recorded as major pest species infesting sorghum panicles in Sohag Governorate. The dipteran parasitoid species, Nemorilla floralis (Fallen) (Tachinidae) emerged from the pupae of the E. gayneri and C. gnidiella, while the hymenopteran parasitoid, Brachymeria aegyptiaca (Chalcididae) was obtained from the pupae of all the studied microlepidopteran pests. Spiders, coccinellids, and Orius spp. were the dominant predators collected form panicles. Post-harvest, larvae, and pupae of lepidopteran pests, especially P. simplex recorded (147, 96, and 79 larvae) and (47, 30, and 73 pupae)/10 panicles in 2016, 2017, and 2018 seasons, respectively.
Background
Sorghum is one of the world's most important human food and animal feed crops in the developing world. It is one of the most adapted summer grain crops to abiotic stress. Sorghum is grown in Upper Egypt (89000 ha) located in Assiut and Sohag Governorates (Ezzat et al., 2010) . More than 100 insect pests were reported on sorghum in Africa, 42 species were found to be paniclefeeding pests . Panicles of sorghum offer a suitable microhabitat for many pests, especially microlepidopteran ones, which require smaller patches of habitat to survive. Larvae feed on sorghum grains inside the panicles from the milky stage up to the maturity of the crop and these results in a considerable loss of yield (Knutson and Cronholm, 2007) . The developmental period of sorghum panicle lasts 35-55 days without shield offering a rich microenvironment that attracts many insects. Ratnadass and Butler (2003) reported a complex of hemipteran pests infesting sorghum panicles and affect the yield quantity and quality. Most of the head bugs, collected from panicles of sorghum during the milky stage in India, were Creontiades pallidus (Sharma and Lopez, 1993) . This species was recorded in high numbers on sorghum in Egypt (El-Rawy et al., 2008) . Many lepidopterous insect pests have been reported on sorghum panicles (Gour, 2003) . Usually, infestations with micro-earworms are not visible on superficial examination, except on occasions, when a lot of waste is produced and pushed out of panicles. The interior of the infested panicle contains a mixture of damaged and dislodged grains, frass, fungus, and pupal cases held together by silken threads produced by the developing larvae (Virginia Cooperative Extension, 2012) . Salama et al. (2004a, b) and El-Rawy et al. (2008) recorded the infestation with the semi-looper, Eublemma gayneri on sorghum panicles in Egypt. Also, the honeydew moth, Cryptoblabes gnidiella, which causes serious losses lowered the yield to 55-80% (Taley et al., 1974) . It was recorded for the first time in Egypt by Salama et al. (2004a, b) , El-Rawy et al. (2008) and Youssef (2018) . The cosmopterigid, Pyroderces simplex, was recorded attacking sorghum in Egypt by El-Rawy et al. (2008) and on maize (Youssef, 2018) .
Studies on natural enemies associated with the sorghum panicles pests mostly focus on the macrolepidopteran. Few studies have been concerned with their natural enemies (Walikar and Deshapande, 2011) . The anthocord predators, Orius spp., were found associated with E. gayneri population attacking mango inflorescence in Egypt (Abdel Kareim et al., 2018) . About 21% of chalcidid parasitoids (Hymenoptera: Chalcidoidea) are classified in the genus Brachymeria Westwood (Noyes 2017) . El-Khawas et al. (2000) and El-Husseini et al. (2018) recorded B. aegyptiaca on the olive pest, Palpita unionals (Lepidoptera: Crambidae), that feeds on olive's buds in Egypt. The dipteran parasitoid, Nemorilla floralis, was also recorded by El-Moursy et al. (2001) , as a cocoon parasitoid of the noctuid Autographa gamma collected from Northern Sinai, Egypt.
The present study aimed to survey microlepidopteran pests and their natural enemies on sorghum panicles in Sohag Governorate, Egypt.
Materials and methods
The present study was carried out in a sorghum (Sorghum bicolor L.) field, variety "Dorado" within the Department of Sorghum Research program, planted at Shandaweel Research Station (SRS), Sohag Governorate, Egypt, throughout 3 growing seasons of 2016, 2017, and 2018 . Planting dates were July 1 for 2016 and 2018 and June 15 for 2017. An area of about 1 feddan (4200 m 2 ) was allocated for this study to pick-up the samples. No chemicals were used in the experimental area, except the normal agricultural practices which were normally applied.
Field procedures
Soon after plant flowering (65 days approximately), 10 panicles were randomly selected in 3 replicates for periodical weekly inspection. Inspections were based on the maturity stages as follow: 1st inspection coincided with the half-bloom stage (for about 10 days), 2nd and 3rd inspections coincided with the soft dough stage (for about 15 days), 4th inspection coincided with the hard dough stage (for about 10 days), 5th and 6th inspections coincided with the physiological maturity stage (for about 10-15 days), and 7th inspection coincided with the postharvest stage (Rao et al., 2004) . Samples were collected in two parts: first, each panicle was shaken separately in a white-plastic container (20 l), specimens were sorted according to the morphological specifications and saved in a suitable plastic tube with 70% ethyl alcohol for classification, and second, the panicle was covered after shaking with a paper bag to hold all the arthropods until transferred to the laboratory for further examination. Also, samples were taken after harvest (dried yield).
Laboratory procedures
Each sampled panicle was examined separately; the spiders and insects were separated and counted. Each specimen was properly stored in a suitable container for identification. Weekly collected samples of lepidopteran panicles worms, at larval and pupal stages, were kept in glass vials (5.5 × 2 cm) covered with muslin cloth, and larvae were provided daily with a piece of sorghum panicle until pupation and were kept until emergence of either the pest or the parasitoid adults. Emerging parasitoids were collected daily and preserved in tubes containing 70% ethyl alcohol for identification. Specimens were identified by Insect Classification and Surveying Department, Plant Protection Research Institute, Agricultural Research Center, Giza, Egypt.
Statistical analysis
Statistical analysis was performed, using F-test, followed by calculating the least significant difference (LSD) at 5% level of probability, using M-stat computer-program, to exhibit the differences among sorghum panicle stages of pests and their natural enemies
Results and discussion
Survey and populations of arthropod fauna associated with sorghum panicles
General survey
A partial taxonomic list of pests and their natural enemies at all stages that recovered by shake-method and laboratory examination of the successive growing stages of sorghum panicles at Sohag, Egypt, during the 3 successive seasons, 2016-2018, are presented in Table 1 . The total numbers of collected specimens each season of the most abundant species (per 10 sorghum panicles) were also sorted in Table 1 and other specimens were recorded without numbers in the same table. Thirty arthropod species belonging to 28 families, pertaining to 9 orders were obtained from sorghum panicles. Of those, 14 were pests, 16 predators, and 3 parasitoids. About 3935, 3809, and 3702 arthropod specimens, based on sample of 10 panicles, were collected from sorghum panicles at Sohag during the 3 seasons, respectively, other than those collected for survey purposes. Out of those, 470, 352, and 371 were predators and 92, 67, and 53 were parasitoids during the 3 seasons, respectively. Most of the identified species in this study have been monitored in previous studies with relative importance according to their geographical locations and environmental conditions (Salama et al., 2004a , b, El-Rawy et al., 2008 , El-Gepaly et al., 2018 and Youssef 2018 . The most abundant species were the small insects, being hidden inside the panicles and non-observable. In the case of the adhesion of the flag leaf with the panicle, most of the pest species accumulated in an adhesion area compared to the rest of the panicle. This area is characterized by the presence of residues and waste adhered together by silken threads secreted by developing larvae. This finding is consistent with the description of Virginia Cooperative Extension (2012).
Population density of the most dominant species
Data in Table 2 shows 4 panicle pest groups, i.e., lepidopteran larvae, hemipteran bugs, aphid, and thrips, and also 5 associated predators, i.e., spiders, Scymnus spp. Orius spp., syrphid, and Coccinella spp. for every stage of sorghum panicle maturity in 3 successive seasons. Lepidopteran and hemipteran pest species were the most dominant ones infesting sorghum panicles during mature stages as described: a) Lepidopteran pests: A complex of lepidopteran larvae, E. gayneri, C. gnidiella, and P. simplex started to appear in mid-bloom stage and increased gradually to reach their peaks at the physiological maturity by 35.15 and 31.55 larvae/panicle in 2016 and 2017 seasons, respectively, while they peaked on hard dough stage by 43.25 larvae/panicle in 2017 season. The larvae occurred in post-harvest stage by 16.9, 10.4, and 7.9 larvae/panicle in 2016, 2017, and 2018 seasons, respectively. Seasonal mean numbers of lepidopteran larvae were 17.35, 13.22, and 22.75 larvae/panicle in the 3 seasons, respectively. Macrolepidopteran, Spodoptera exigua (Hb.) and Helicoverpa armigera (Hb.) larvae appeared in rare numbers during the soft stage in 2017 and 2018 seasons. The microlepidopteran pests remained hidden inside the panicles and a lot of frass existed when the flag leaf is close to the panicle. These findings agree with Virginia Cooperative Extension (2012). Also, Tomar (1989) found the range of ear head worms being 1.55 to 5.99/panicle. In partial accordance with total annual numbers of E. gayneri, C. gnidiella, and P. simplex, El-Rawy et al. (2008) reported that panicles of sorghum var Dorado hardboard larvae and pupae of E. gayneri, C. gnidiella, and P. simplex with numbers of 1.67, 10.14, and 13.37 individuals/panicle (as avg. of 2 seasons) in Bni-Suef Governorate, Egypt. This discrepancy in the census may be due to different weather conditions and/or methods of collecting samples. Data also agree with Ajayi et al. (2001) 
Population density of lepidopteran larvae
Lepidopteran pests were the most injurious pests of sorghum panicles. Those were Erebidae, E. gayneri, Pyralidae, C. gnidiella, and Cosmopterigidae, P. simplex. Moreover, the Noctuidae, H. armigera, was found in rare numbers. Significant differences were observed among sorghum panicle stages; soft dough, hard dough, and physiological maturity based on the mean numbers of the pests' larvae during the 3 successive season 2016-2018 (Table 3) . Mid-bloom stage was free of those larvae, except for C. gnidiella, which was represented by one larva in 2016 and 2017 but was absent in 2018, so for statistical propose, this stage was ignored in calculations.
Larvae of cosmopterigid, Pyroderces simplex Walsingham
The cosmopterigid P. simplex larvae were characterized by their pink color, and they have the smallest size and the highest abundance among the other studied lepidopteran pests. They were observed inside the grains in their initial stages, where they feed on most of the grain contents, but the last larval stage was noticed within the grain. Results in Table 3 indicated that the first inspection of physiological maturity stage harbored the highest mean number of larvae with 16.6 larvae/panicle, which was insignificantly different from the hard dough stage, but was significantly different from the other growth stages in 2016 season. However, in the 2017 season, the second inspection of physiological maturity stage harbored the highest mean number of larvae with 15.3 larvae/panicle, which was significantly different than the first inspection of the same stage (10.9 larvae/panicle), which was also significantly different from the rest of the growth stages in the 2017 season. In the 2018 season, the 2nd physiological maturity, hard dough, and 1st physiological maturity stages received the highest mean number of larvae by 25.1, 23.7, and 17.3 larvae/panicle, respectively, without significant differences among them and with significant differences with the rest of the stages. In general, P. simplex was the dominant larvae in sorghum panicles with 10.26, 8.26, and 14.54 larvae/panicle in 2016, 2017, and 2018 seasons, respectively. As for all microlepidopteran larvae, the mean numbers of larvae were 28.75, 19.08, and 15.82 larvae/panicle for the 2018, 2016, and 2017 season, respectively. The cosmopterigid, P. simplex, was recorded on sorghum in Egypt (El-Rawy et al., 2008) and on maize (Youssef, 2018) .
Larvae of the pyralid, Cryptoblabes gnidiella (Millière)
C. gnidiella started to appear from the first stage, half bloom in the 2016 and 2017 seasons by only one larvae/ 10 panicles and was absent in the 2018 season at this stage (Table 3) . Larvae started to appear from midbloom stage by a rate of 0.1 larvae /panicle and gradually increased to reach their peak on the first inspection of physiological maturity stage by 4.2 larvae/panicle and significantly decreased in the 2nd inspection in the 2016 season. Relatively high numbers of larvae-infested panicles in soft-dough stage (8 larvae/panicle), forming one of two peaks with significant differences with second peak on the 2nd inspection of physiological maturity stage (5.7 larvae/panicle) and exhibiting significant differences with other stages. However, hard-dough stage received the highest mean numbers of C. gnidiella with 13.4 larvae/panicle, without significant differences with soft-dough and 2nd inspection of physiological maturity stages (8.8 and 5.7 larvae/panicle respectively). The honeydew moth, C. gnidiella, caused serious losses and lowered the yield to an extent of 55 to 80% (Taley et al., 1974) . In Egypt, it was recorded feeding on sorghum grains by Singh and Lodhi (1983) and by Salama et al. (2004 a&b) , El-Rawy et al. (2008), and Youssef (2018) .
Larvae of erebid, Eublemma gayneri Hübner
The semi-looper, E. gayneri, larvae did not appear in mid-bloom stage at any season. Mean number of E. gayneri larvae in 2nd inspection of physiological maturity, 2nd soft-dough, and 1st soft-dough stages were 12.7, 9.5, and 6.6 larvae/panicle with insignificant differences among them, while hard-dough received the lowest mean number of E. gayneri larvae (1.6 larvae/panicle) in the 2016 season. First inspection of soft-dough stage was 7.8 larvae/panicle with a significant difference at all stages, then decreased till the end of the 2017 season. In the 2018 season, the larval number increased to reach its peak on hard-dough stage with 9 larvae/panicle, then decreased gradually and significantly till the end of the inspection period. Infestation with the semi-looper, E. gayneri, recorded as a pest of sorghum panicles in Egypt by (Salama et al., 2004 a&b; El-Rawy et al., 2008) and on maize by Youssef (2018) .
Population density of microlepidopteran pupae and their parasitoids
The total pupal numbers of 3 microlepidopteran collected from 10 panicles of sorghum and the parasitism rate of the hymenopteran parasitoid, B. aegyptiaca, and dipteran parasitoid, N. floralis, were presented in Table 4 .
Pupae of P. simplex
The pupae of this pest started to appear during the soft dough stage with 8, 7, and 1 larva in the 2016, 2017, and 2018 seasons, respectively. The populations increased in the following stages reaching their maximum numbers during the late physiological maturity stage with 32, 39, and 19 pupae/10 panicles for the same season, respectively. Hymenopteran parasitoid, B. aegyptiaca, was the only parasitoid species that emerged from the incubated pupae of P. Pupae of C. gnidiella
In the 2016 season, pupae were collected for first time during the soft dough stage with 17 pupae/10 panicles, and then the numbers decreased gradually till the end of the season, however, the first pupae were noted in midbloom and soft dough stages at the rate of 17 and 3 pupae/10 panicles and increased to reach their maximum numbers during early physiological maturity stage of 64 and 78 pupae/10 panicles in 2017 and 2018 seasons, respectively. Parasitism rate that belonged to two the parasitoids, B. aegyptiaca and N. floralis, was recorded early during the physiological maturity stages with 58.33 (16.67 Diptera: 41.67 Hymenoptera), 16.67 (8.33% Diptera: 8.33% Hymenoptera), and 13.64% (6.82% Diptera: 6.82% Hymenoptera) for the 2016, 2017, and 2018 seasons, respectively.
Pupae of E. gayneri
The pupae of this pest occurred during the soft dough stage with 19, 7, and 2 pupae/10 panicles for 2016, 2017, and 2018 seasons, respectively, then the maximum numbers were collected from early physiological maturity, late soft dough, and hard dough stages with 92, 39, and 123 pupae/10 panicles in the 3 seasons, respectively. Two parasitoids (B. aegyptiaca and N. floralis) were found parasitizing E. gayneri pupae started during early and late soft dough and hard dough stages with 15.79 (5.26% Diptera: 10.53% Hymenoptera), 23.08 (15.38% Diptera: 7.69 Hymenoptera), and 7.32% (3.25% Diptera: No studies have been found dealing with the parasitoids of microlepidoptera, those infesting sorghum panicles, while 2 parasitoids were collected from the studied microlepidoptera insects. These parasitoids have not been recorded before on the studied pests. These parasitoids were recorded in Egypt by El-Khawas et al. (2000) and El-Husseini et al. (2018) who recovered B. aegyptiaca from Palpita unionalis (Crambidae: Lepidoptera) and El-Moursy et al. (2001) collect N. floralis from Northern Sinai, Egypt.
Post-harvest
After harvesting, sorghum panicles were exposed to sunshine for few days to full drying of the seeds before threshes. During this period, the panicles were also exposed to a number of arthropods that moved to the panicles to the drying floor. In this section, existing objects and their interactions were observed and tabulated in Table 5 .
Data in Table 5 indicated that larvae and pupae of P. simplex were the most dominant specie in post-harvest examination, where they were 147, 96, and 79 larvae and 47, 30, and 73 pupae/10 panicles in the 2016, 2017, and 2018 seasons, respectively. However, larvae of C. gnidiella and E. gayneri were represented by 11 larvae/10 panicles in both 2016 and 2017 seasons, and by 5 and 3 larvae/10 panicles in the 2016 and 2017 seasons, respectively, however, both larvae species were absent in the 2018 season.
Parasitism rate on the pupae of P. simplex was estimated as 21.28, 23.33, and 10.96% by only hymenopteran parasitoid, B. aegyptiaca, for the 2016, 2017, and 2018 seasons, respectively. Also, half of C. gnidiella pupae were parasitized by the dipteran parasitoid, N. floralis in both the 2016 and 2017seasons. Meanwhile, 25% of E. gayneri pupae in 2016 season were parasitized by dipteran (16.67%) and hymenopteran (8.33%) parasitoids.
Conclusion
Thirty arthropod species belonging to 28 families pertaining to 9 orders were obtained from sorghum panicles planted in Sohag Governorate, Egypt, during 3 successive seasons of 2016-2018. Of those species, 14 were pests, 16 predators, and 3 parasitoids. Three microlepidopteran pests were recorded as major pests infesting sorghum panicles. This study is important for sorghum breeders where sorghum has a high economic value. Further studies are recommended to determine the economic threshold and the management program applications to reduce the pests and maximize the role of natural enemies.
